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A -  three-dimensional   la teral-control  investigation 
was made a t  hi&. sgeeds of' a wlq. 00. high, as>ec.t.  r a t i o  
having 0,20;3?mrd strsPght-sided-grofile $ l a i n  ailerons 
w i t h  a. s@n 317.5 percdnt of the aing semispan. . .  Spanwise..  
loadings and moments and rollZng=moment.  coef f ic ien ts  were 
obtained f r o m  ~ r e s s u r e - d t s t r ~ b u t i o n  measurements, and 
hinge-moment dc.Za were obtdned  bg an s l ec t r i ca l  straln 
gage f a r  Kach nuzr,bers u.3 t o  3,925 a t  d l e r o n  de f l ec t ions  
f r o m  -lao to 10' arx2 at  ve.rious angles of attack. 

The wlnd-tunnel test data. indicate no unusual rolling- 
moment and a f l e r o n  hinge-moment characteristics for an 
airplane with this 7ar t icu ls r .  ilring-aileron cmbinst ion and 
des igmd to o?erate a t  level-flight Each numbers ug 
to 0.830. At higher Kash nuT3ers, comgarablq to those 
obtained i n  d lvs s ,  the rolling effectiveness was reduced 
but the ailerons s t i l l  grodircad scma rqllicg moment ht zero 
and p a s i t i v e  l i f t s  up t o  the mximum t e s t  Kach number of.O.925 
kt Mach numbers. between 0.880 zrad O..9GO thers is g o s s f b i l i t y ,  
however, of f lexfb l l l ty - induoed  a i l e r o n  snEtch f o r  an airplane 
having aa aileron control system o f  ,Inadequate stiffnesa. 



2 
0 

NACA 65-210 s i r f o i l  s e c t i o n  a.cfi  an a spec t   r a t io  of 9. AS 
an a2d i_n the  d e s i p  o f  a h j r i z o n t a l   t a i l  f o r  u s e  v:ith this 
t7ype of wing, t e s t s  :.:ere. made t o  determine tne downwash 
and f l o w  f luc tua t ions  behind t he  wing, and the  data from 
these t e s t s  a re  presented i'n reference 2. The effects of  
8 solid-front Zive  brake, a s l c t t e d  dive brake, 2nd a fllve- 
recovery  f lap.  on the  basi4 wing c n a r z c t e r i s t i c s  a t  high 
5ach nuvbers, togather  with an inves t iga t ion  of  the averags 
i.nCP6P.eiltal downwash h e  to .tihe . .a2drt ion o f  the dive-  
recovery f l a p ,  a re   p re sen ted   i n   r e f e rence  3 .  

The t e s t s   p r a s e n t e a   h e r e i n  were made t o  determine 
the h e r o d p a y r i c  c h a r a c t e r i s t i c s  o f  0.20-chore T l a f n  ailerons 
on a wing o f  h igh   aspec t   ra t lo   a t   h igh   speeds .  Lateral- 
con t ro l .  c?.ata. :5n.cIXu?fxg h.inge-.mrnent  coefffci-ents:, rolling- 
wment co-efftcZents-,  pitching-moment coefficients, and 
s ~ a n  loadings..v!ere obtai.ned for Each numbers f r o *  G.400 
to. 0.925 ar,d a t   e i l e r c n  deflections f ror?:  .-SO" t o  lo@ T o r  
v a r i o u s  wtag acgles Df a,.ttack.. 

' E,Y.P3QLS 
. .  

.. ' me ,.s;bols used h e r e i n  are  ,deft.ned as. fol1o:xs:  

a sgeed o f  s o w e  in undisturbed stream 

q -5gnamic pressure i n  undisturbed stream 
, .  ($pV? 

I? Dresswe.  .c3effic. ient 

q -5gnamic pressure in undisturbed stream 

I? Dresswe.  .c3effic. ient 
, .  \ "  / 

PC+ c r i t l c ' a l  ::oressune ,.coeff'icfent obtained when l o c a l  
speed of  apuni. is reached at s o ~ e  goink  on, 
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aileron def l ec t ion ;  ?os i t i ve  for down d e f l e c t i o n  

span of a i l e ron ;  model value, 0.590 f , t  

C sectiorr  chord o f  a f n g  

ca s e c t i o n   a t l e r o n  chor.d xeasured along 9 i r f o i l  chord 

- 
r, e. root-mean-square . I  chord of aileron; nodel  value, . 

R 
“a a l l e ron  h i x e  monent 

AP rasultant. r)mssure c o e f f i c l e n t  across a i l e r o n  sea l  
(AP = (Yalue o f  F’ beloE s e a l )  - (Value of P above s e a l ) ) ,  . 

.I. - dis tance  along chord from, leading edge o f  a 2 r r ” o i l  
s e c t i o n  

b span of wing; rrodel value, 3 . 1 5  ft 

cn  sect ion normal-force c o e f f l c i e n t  of wing fro-a! ~ r e s s u r e - d ~ s t r i ’ b u t i o ~  data 
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A chs.n,?e ? n  s e c t i o n  .normal-force  coefficient cf air- 
f o f l  due t o  aileron d.eflection 

c sec t ion  Ditching-monent zoa f f i c i en t  of airfoil 
about,  quarter-cho.yd poi r , t  f rom pressure- 
(3istr.L:bution d e t a ;  TitchiHgmoaent. due to chord 
-for*ces not  Lnclu?sd 

Ac,, change i n   s e c t i o n  ~I tchZrx- rnoment  1- coeffi3ient of 
a i r f ' o l l  about quarter-chord point due t o  aileron 
mleflect .Lon 

C-- ii . n o p w l - f o r c e  c o e f f i c i e n t  of seFispan wing 
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Cm ?itchtng-zmnent coeffizient of serriispan wing about quarter-chord lLne of  wing 

P -  
"?rL - SC' o,c2 dy 

&C change in ?itching-moment coefficient of s e d s p a n  tn wing g.bout quar te r -chrd  l ice  of  K i n g  due t o  
a i l e r o n  def le-, t i o n  

C L  dmging-n.om_er,t s o e f f i z i m t  &&ut axLs' collinear 
p , w i t 3  chord l ine   i .n  p l m e  o f  spmet'rg, computed 

si.:cc?l3 by the equatlon . . .  

.:.%ere dc$?a, is t h e  e q e r f m e n t a l l y  deteryined 
r a t e  o f  'c-rtmge o f  s e c t 2 m . n o m a l - f o r c e  coefff-  
c l e n t  wrth awle  o f .  a t t ack  of finite-span w l n g  

Subscripts: 

I; l ove r  surface 
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The t e s t s  v r e m  Fade i n  the  Langley &- fo3 t  high-s?er;d 
:iunneI, Tzhfch i s  a s ingle- re turn   c lcsed- thmat  t.mxel 
Fg i th  an eir-strefirn turbulence that i s  small but sliFktlg 
hi.gh.er than free air. F n r  these t e s t s  the   a i rs?eed was 
2ontinuously cont ro l laSle  t o  e choking Yach number sf 0.949 
(uncorrectadj  

The wing v;l th  ?lain a i l e r c n  used fo r   t he  latsrel-  
con t ro l  invsstigstion i s  the sa;ne Fins t h a t  was used f o r  
the t e s t s  o f  rererefice 1. The wlng as t e s t ed  is shown 
in f igure  1. The wing has an BACA 65-210 a i r f o i l  sec t ion ,  
an asrxct  ratio of 9.3, a t.a.per r a t i o  of  2 . 5 t l . 0 ,  no 
s ~ r e e ~ b ~ c k ,  t w l s t ,  o r  d.ikedra1, and a t F p  hav€Eg t h e  
d!_mens"rns given in table I. The e f f e c t i v e  span o f  the 
m o d e l  -,ving i s  37.6 inches;   the r o o t  chord i s  6 inches, 
m d  t h e  t i p  chord. i s  2.4 inches. C-rdj-nates o f  the  
YACA 65-213 airfoil sec t ion  are given  in t a b l e  11. A 
soniplete  descrL?tion of' the r o d e l  and t - a n e l   s e t u g  is 
ib*5-ven in   r e f e rense  1. The aileron chord i s  23 percent  
Gf the wing chord and t.he a i l e r o n  span is 3 7 . 5  percent 
Qf the Irfng remisyan, vlth the inboard end o f  the a i l a r o r ,  
8.t the 6 0 - ~ e r z e n t - ~ e m i s p a n   s t a t i o n  ( f f g .  2 ) .  Two h i w e s  
located ag?roxirr.ately 25 Dement o f  t he   a i l e ron  s y m  from 
e l t h e r  end o f  the aileron au.:li,orted the a i le ron .  ,3210 
z i l e r o n s .  are o f  s t r a i g h t  sicled profile vith a t r a i l i n q -  
edg-e angle of  11.1" (rig. ' 3 ) .  

7"wenty s ta t lc -Tressure  o r i f l c e s  were p l aced   a t  each 
of  ei!;!ht stations along the  viinq span ( f i g .  .!A). ?'he 
spanwise loca t ions  3f these stations i n  percent o f  the 
senispan are 11, 20, 3 0 ,  ,!43** 56, .  &!I., SO, 9 5 .  m e  
four Inboar$ stat!!ons r e r e  n l a c e d ' o n  the  left half  of 
t t e  Yij-YlC, and the four odt53m-d s t a t i o n s  o n  the right 
h a l f .  Pressure data a t  s t s t i o n s  within t he  a i l a r o n  s3an 
were ' c 'n taxled  a t  s t a t i o m  4L,  83, and 95 3ercent  of the 
ssvispan. . .  

" wrmal-f o rce ,   si tching-moment, and rolllng-r:f.onent 
$ .a t9  m r e  obtained Prom preeswre-dis t r ibut ion m, =asare- 
WeIitS; anr?. hfn3e-roment da ta  were cjbtafned by e l e o t r i c s l -  
stra.ir,-&,ase measurevants. The h inke  moments were measured 
~ m .  the  l e f t  a i l e r o n ,  T&ich ha? no pressxre s t a t ions   w i th in  
i t s  span. Fecause o f  the small s i z e  of t h e  model and the 
hi?& loads ersountered d u r l n g  t h e s e  t e s t s ,  it wgs not  
f e a s i b l e  t o  i n c o r p o r a t e  a s e a l  on the  l e f t  aileron where 
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t k e  hinge-poFent data were  obtafFed.  These  data  are  them- 
fore for an unsealed aileron wLth a gap a3proximatelg @..393 
nr' the wing chord. The pressurq d a t &  a t  s t a t i o n s  within 
the  aileron span BBPS o b t a t m d  o n  the right half o f  the 
1.~f11g. Tne r ight   a i laron,   hoFevar ,  was coy.lpletely sealed 
and the   coe f f i c i en t s   de r ived  frm ths pressxre data are 
therefore for sealed-gas  con&tlons. k e r o d p a m i g  da t a  
m r e  obta ized  for a n 3 l e s  of a t t a c k  or" -2", O o ,  2 , &", 
7 O ,  and 10" a t  Yach nmbers  of O.$.OCl and 0.690 and f o r  
a q l e s  o f  attack of -22 0: Z9, %'=, az?d yo a t  Mach numbers 
o f  0.760, o.EO0, 0.327, o.%o, 0,907, and 0.925 (uncor- 
r ec t ed ) ;  Tests ~ers . z r , ade   a t  S ~ V B E  a i le ron   def lec t iDns  
f r o m  -13' t o  13' f o r  a l l  Ksch numbers. The t e s t  Mach 
numb3rs ussd herein were s Q r r e c t e d  83 i n  reference 1.. A 
fall dfscussfon; o f  tAe correc t ions  f o r  model cons t r i c t ion ,  
wake cons t r ic teon ,  ar,d lift v o r t e x  enterference xag be 
found i n  reference 1. Eo corrections  have been aade t o  
the roll ing-aonent or k.,fnge-momsnt coef f i c i m t .  A dis- 
cussLon o f  corrections t a  l c t e r a l - c o n t r o l   c o e f f i c i e n t s  
ts qiven in refeyences 4 md 5 .  

The a e r o d p a r r i z  d a t a  show t h a t  the r n a x i r n ~ ~ ~ ~ ~  tw!S,sting 
Eoaent about a tgpslon zxis ~.'assfr,g through the  ,!$-gercent- 
c l~ord points or'  the section  chords  occurred at a %ch 
number o f  9.925, a n  arq le  o f  a t t ack  o f  7', and 811 aileron 
d e f l s c t t o n  of 9.6'. ~ t e t r c  t o y s f o n  t e s t s  o f  the =ode1 
gave E toTs ionc-1  s t i f f n e s a  o f  the wing a t  the midspan 
o f  the a i l s r - o n  o f  250 inch-gounGs per CeCFee; t h a t  is, 
8 co2centratod t ~ r i s t ~ n ~  Foment OS 250 inl?h-~oounc3s  a;?pslied 
a t  t h e  v : I q  ti? \ ionld result i n  A twrs t  of  the wing of lo 
at  the n_tdsp~.m Q T  the a i l e r o n .  ?hen  the  sTanwise  section- 
loe&Lnz snd sect icn-norent  eata E t  tne  m r s t  twis t lng  con- 
d'ltione m e  ussd and the torsiondl :stiffness a t  a section 
i s  considered t c   tal"^ i nve r se ly  es the cube of the d i s -  
tonca f'rm~ the plarLe of '  syxmetry, the ca lsa la t io l l s  h d l -  
c s t e  a II~BX~FUV t w l s t  o f  the  , w i n g  a t  the tLp o f  -0.20'. 
Xo correct ions have been nade for the e f f e c t  of twist. 

Zffec ts  of E e p o I d , s  Ember 

I n  - these  - t e s t s  the Seyno1d.s nuinber v a r i e d  from qO0,OOO 
at a K&ch nmtieF of 0.&09 t o  1,$00,000 a t  a Kach ~ u m 3 e r  
of  Q.W9 with the Eeynolds n u ~ b ~ r  baaed on the mean aero- 
dynamic ckord o f  tke wing. Sonw idea  of the effects o f  



Reynolds.  nuv.ber a t   s u b c r i t i c a l  Ksch numbers can be 
qbta.:ned. from the  two-aimensional  tests o f  the s w e  air- 
fo i f l  s e c t i o c  tit ?egnolds  nw.bers o f  1,000,030 and q,3c)i),OOO 
sorres?onding t o  )tach n w b e r s  o f  0.07 m d  3.17, r5s2ectively 
!refe-..ence 6). The e f f e c t s  o f  Reynolds nlmber ,311 a i r f o i l s  
f r t  s u ? e r c r i t i c a l  Hach rinybers &re o f  sscondarg in9ortance 
as  c,m?n~red t.o t h e   e f f e c t s  o f  compressibi l i ty  (reference 7). 

Pressures 
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.Et.nge- Xcments . .  

An e l e c t r € c a l   s t r a i n  gage va9 used t o  determim the 
h'Lcge monente. T h e  small s i z e  o f  the model necess i t a t ed  
the use o f  a small s t ra in  gage md t h i s  smg~llness of the 
gage, coupled ar th  the seve re ' ope ra t ing  conC!itir>ne pro-  
~ u c e d  by high s?eeds,   h igh  terqeratures ,  and large &i le ron  
loads ilrpaired t h e  accurEcg of the hinge-monent  neasure- 
rnents. An in?.fcatfon' of- tha  accuracy of .the data can be 
obta-lned f r o m  the  scat t .er  of, tha t e s t  F o i n t s  of f igu re  33. 
%-e basic e f f e q t s  o f  c o r + p r e s s i b i l i t y ,  howsvar,  a re   wel l  
i l l u s t r a t e d  by t k e  'data. . Figures 3 4  end. 35, whFch Kere 
obtained f r o m  the dsta of Egure  3 3 ,  shcw the va?Lation 
of the hinge-momsnt p6ef:f ic lents  o f  the  unsealed ai leron 
with i4e-ch numbar md,. u=E:e: of. attEck, rea2ectivelg. Tn 
f'lgure 36 i.s the parw-eters 
tch3/A5a) 

. .  
' vi th :.lath n a ~ b e r .  

n=O 
These sic2ee ere ' the averqga va lxes-  f o r  a i le ron   def lec-  
t f o n a  fro:n -1" to 1'. &,r"f! .angles :of attzck  fron; -I? t o  lo. 
Data on the at-srage . r e s = l t w t  ;pressure' c o a f f i c i e r t   a c r o s s  
the a:iler-on Lpeal &re  sho.wn~.fm various.   bf leron  d4flect ions 
and- X E C ~ .  nur?r.bers in fi.;i$re 3 7 ;  . . . .  

 ISC CUSS ION 

Pressl/Pe-,Distributiori' Diagrams 

In  referenc;  1, l k r g e  variations were observad in 
norxal-force c 3 a f t i c i e n t s  :at; Xacn nu9ber.s greater  than 
0.760 and i n  pftchfng-moment~coeffic3.ents a t  Kach numbers 
grea ter   than  0.825. ,Thes-e  IErge  changes i n  the aero- 
dynamic c h a r a c t e r t s t f c s  erg assocciaiied with the unsyn- 
- e € r i c a l   e f f e c t s  o f  shock ancI shock Foveinent. o n  the 
upper and lower surf aces .  o f  the a i r f o i l .  A t  Yach.  numbers 
i n  the  approxiaate  r a q e  from 0.E25 to 0.900, the   rear -  
ward movement o f  shock  ,o.n the lower .surf ace of the aLr- 
f o i l  predomlnated i n  a f f ec t ing   t he  aerodgnarrlc character-  
i s t i o s  &ad resultd- i n  .a: reduct ion  o f  'normal-force 
coeffi .cients,   an Increase in pitcMng-moment coe f f i c i en t s  
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.Trt 8 pos l t i ve   d i r ec t ion   ( excep t   a t   l a rge   ang le s  o f  a t tack) ,  
aad zenera l lg ,   as   the   p resent   t es ta  showed, a p o s i t i v e  
!.ncrease i n  hinge-moment coeff- ic ients   (except  f o r  t he  
la?g:e angles o f  a t t ack  at-  'p 'os i t ive:   a i leron  def lect ions 1. 
A t  Igacn numbers g r e a t e r  th'an C.9W.a   grea te r   increese  i n  
t?-m neqet ive  d f r s c t i o n  o f  t he  pressures on the rear half 
of' the  uyper surfacs   as  compared with those on the  lower 
surfaxe reversed t he   d i r ec t ion  o f  the  chsnges just noted 
a t  %ach  nuvbers  lese t h a n  O.?OC).- These pressure ?henomen& 
8re i l l u s t r a t e d  by t he  c?ard.wise p re s su re   d i s t r ibu t fons  
of' f igures 5 t o  7, which are  for spar,wflse s ta t ions   vd th in  
the  a i leron  span.  : 

. .  

Forxd.-Porcs   'Sharacterfs t ics  

The Cats shov:irig t h e   e f f e c t s  o f  compressibi l i ty  O i l  
ulnhnwise loaclng f o r  vartous L i l e ron   de f l ec t ions  . ( f igs .  b 
t o  I!?,) a re  qui te  air;lfl.ar t o  the  dgta f o r  zero   def lec t ion  
(referencg I) vhfch, 8.t the h igher  sgeeds, sh0.w i r r e g u l a r  
load d i e t r i  nutions, .  a n  outboard movement o f  the l a t e r a l  
n,ent.er o f  l o s d  for p o s i t i v e ' l i f t s ,  and rspFd chanzes i n  
t h e  m q l e  o f  zero iif t.' . A t  ' the  h i@e&t  Kach nwmbers, 
,?osetLve  a i leron  def lect ions  &re rcore e f f e c t i v e   i n  p r o -  
fiucin2, l i f t  thsn negat ive ,   def lec t ions  (fis. 1 5 ) .  7,hen 
t h e  f l g w  o v e r  an airfoil i s  largs'lg supersonic,  a contr71 
surf ace becores   re la t ive ly   inef fec t ive  I n  con t ro l l i ng  the 
supersonLc flow ahead o f  i,t (rbference E ) .  '=his loss in 
s o n t r o l  el'fectfveriess a t  such sQeeds is i l l u s t r a t e d  by. 
C;'.e data  o f  f i gu re  16. A t .  2osit lve  angles of a t t a c k ,  8 
rsaslt ive  deflec ' t ion o f  the control  changes the lower- 
a:lrface  pressures t o  values o f  negatlve  preasur5  coef'r'i- 
c i c n t  t h a t  a re  low enough t o  escape  the ful l  e f f e c t s  o f  
scmpresaion  shock or- the  lower  surface f o r  sDeea condi- 
t i o n s  correspondrqg t o  t hose  o f  these tests ( f i g s .  6 
vnd 7 ;  so tha t   the  c o n t r o l  surface still r e t a ins  some 
con t ro l  on the f l o w  ove r '  the lower  surfcce. As i s  t o  be 
expected, an increase i n  an&s o f  a t t ack   i nc reas s s  the 
a b i l i t y  o f  the  C o n t r o l  a t '  positive def l ec t ions  t o  rtlodify 
the flow o v e r  the lower surface. The schlieren pho to -  
; ~ ~ b . ? h s  of  reference 8 Y o r  a 15-nercent-thick wing 
s e c t l o n  she?!-- separated. f l o v ;  a ssoz is ted  with comres-  
s l o n  a h ~ C ? c  @ff- b o t h  stirfaces &sad. of' t he   con t ro l   su r f ace  
at axFer&rft ical '  Yach nurr,bers m d  explain  the lac!< o f  
ei'f'ectivene'ss af t he  c o n t r o l  GS a r e s u l t  o f  t h i s  separa- 
tion. .The reduced'  effe.ctiveness at s u ~ e r c r i t i c s l  kach 
nun;bsrs f o r  nega'tive a i  l'eron Ceflectfons  noted f o r  the 
13-percent-Chick 'wing used in t h e  p r e s e n t   t e s t s  is 
rrmbably th.'e rssult of similgr separa t ion  o f f  the upper 
sarface; which is' more &is?osed toward se7arartion thad 
the  l o n e r  surface  because o f  t h e  0.2 canbep of the   sect ion 



snd the ? o s i t i v e  angles of at tack at which the sect iona 
opepate. ,At an mgle  o f  a t t a c k  of 7' and a t  E L ~ C ~  numtmrs 

' of 0,907 and 0.925, hov.:aver, it is t o  be noted that f o r  
ai leron de f l ec t ions  up t o  - 3 O  the alleron showa some con- 
t r o l  'of the- flow. The dste; -for an angle of  a t t ack  o f  .&* 
a t  e. Yach number of  0.907 a l s o  shows Borne c o n t r o l  of the 
flow for. def l ec t fons  up t o  - 5 O .  k study of the chordwise 
pm&sure distributions for these negative def l ac t ions  and 
angles ~f attack revaals t h a t  the a l le ron  has a'noticea'ofe 
e f f a c t  on the lower-surface f l o w  and a l s o  to aome extent 
on the upger-s-mfme 'flow. W s  discusstori  is a i s o  
generally applicable in  the analysis  o f  chsnge,s i n  ?;ring 
pitching-moment 'coefflcients an& rolling-moment coeffi- 
c ien ts  rt these high Kilrch nurnb9~s. Aileron de f l ec t ion  
had relatj lvelg l i t t l e  e f f e c t  0x1 tibe W c h  number at 'whiah 
the f o r e a '  break occurred , ( f ig .  It.). . Noticeable increasas 

' Ln r for~al- . r 'orca c 'oaff ic iant  at Lkch nmbars grsater thm 
0.900 were o b t d n e d  for all aif ;eron deflections as well . .ES f o r  z e r o  dsf lect lon {ff,g. J.3). . 

. .  
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2Ositiv.i lifts and imbrovement $2  con t ro l  .with X.nc.r&se 
Qn anE1e o f  attsc1.r. A t  lorn -angles o f  at.!eck.,the ndg+tlve 

* def l ec t ions   a r e   i ne f f ec t ive  ' B t  !Tack; n&bers gr ,ea te r ' than  
0.&25 bdt;  v : i t h  ;an.'inc're&sB i'ri an@e' of. ' ,att.a,ck, ' . .   the"effec- 
ttveness  ' ivproves s o  t h a t  ,,at an angle , o f  a teack 'of  7'' t ~ e  

, -aLlerons  are  effective f o r  p & ! " t i v e   . ~ d . ' h e g a t ~ v e ' d e f , l e c -  
t f o n s .  ' At an angle of a t tack.  o f  ,-Zo, in.&Gu&l reve ' rsal  

of  0.585 and 0.925 (f'tgs. 28,"29: :'arTd 36) ; bu! the 'norFal- 
fo rce   coe f f f c tgn t  f o r  *ese  cofqd&iosB cs. :Lg3prox:.mitelg -0.18 
s o  that an airplane  with t b i s  'wing-aileron  cbmbil?&tion 
would not' f l y  'at an angle of  attac 'k 0 f ' : -2 :~ .  a t  fhese 'hi.@ 
?Tach numbers  der all- n o r m a l  maneumr,s'. The discussion 
made i n  the  preceding  sections  concerning  the  3'ff.ect o f .  
a f l e r o n  d e f l e c t i o n  o n  a l r  flow o v e r ' t n e   a i r f ' o i l  Q p p l i e s  a l so  
In the analysis of compressibl'lity e f f e c t s  on "rolling-, 
mment coe f f i c i en t .  

. occLzrs i n  aileroq  eff .ectiven'ess ,betwe.e'n rirach .numbers ' 

* 
The gene ra l   e f f ec t s  o f  c o z p r e s s i b i l i t y  o n  damplng- 

moment coefF1,sfent ( f i g .  3 1 )  Faralfel , .  a s ' i s  t o  be expected, 
t he   e f f ec t s  o f  compre'ssibi 'lity on the   parage ter  dC?~/da 
pressn ted  i n  reference 1. By use. o f  the  lom-s;?eed sec t ion  
da ta  o f  reference 6 and the methods o f  reference '3, a 
daE?ing-moment c o e f f l c i e n t  of. 0.52.was obtafned f o r  the  
TFrS,ng; :.ith'round t i p s  assumed. 'znd o f  3.55 f o r  t h e  wing with 
sq-dare t l p s  assmed.  The varfations.  o f .  tbe  daaging-moment 
cooff lc ien t   a re  la rse lg  r e f l ec t ed  in the r ,ol l ing  effect?-ve-  
ness p e r  unit a i l e r o n  def lez t ron  p/ . f o r  a r ig id  wing 
with" sealed a l le ror ,  a t  two a i t i t u d e s  (fig. 32) 2nd t h i s  
rol l ing  ef ' fect iven 'ess  i s  seen t o  6ecrease with increasing 
%ach nunber up t o  a Yach nu?rber'of 0.760, then to increase 
abruptly t o  a ?ach nmber  bf 0.803, and then   gene ra l lg . to  
decrease again as t h e  &a.ch  nunber i s  f u r t h e r  increased. 
k t  Wch numbers g r e a t e r  than 3?65O'the F o l l i n g  e f f ec t ive -  
ness increases ' with al t i tude  because o f  the improvement 
i n  ml l ing- roment   coef f ic ien t '  resulting from the  increase  
in a rq le  o f  a t t a c k   a t   a l t i t u d e  f o r  level-flight' conditions.  
Por  an ac tua l  alrpAhne i n  f l igh t ,  wing twist.. and yaw would 
E:??recia'bly reduce the rigid-wing  effectiveness.  

c 

" b 2 V  
06, 

The da t a  on .the rol l ing-moment   .coeff ic ient   indicate  
t h a t  the ailerons are s a t i s f a c t o r y  f o r  ? rodwing   ro l l i ng  
mom.ents on an a i m l a n e  with th3.s wing-aileron combfna- 
$ion ard designed t o  ope ra t e   a t  naximum leve l - f l f .&t  ' 

s;?eeds i n  the Yach number rmge  f p o r  0.760 . t o  -0.830. IC 
dlves ' i n  1Ghich the  airDlane wouLd operate  a t  hlgherz Kach 
nllmbers ' the azlenons s t i l l  prcduce some rolling. moment at 
zePQ aos t t fve  l i f t s  uq ' t o  the amximum. t e s t  Y8ch number 
of 0.925 al though,   a t  t h e s e  higher Yach numbers, t h e i r  
efTectiveness i s  decreased. 



Fdnge-Xoment Charact.er1stics 

t 

. 

htnge-mmect data o f  these tests are  f o r  an 
unsealed  aileron. The general compress ib i l i ty   e f fec ts ,  
howev3r, can be expected t o  ar;plr also f o r  a sealed 
a i l e r sn .  For Mach numbers th ro lw-  3.870 the data on  the 
hinge-roment cge f f i c i en t  fQr the uns4aled  ai,leron show 
nc ?Inusual cox9ressikllitg e f f e c t s  (figs. 33 and 34) 
bu t ,  at hegher Vach nm-tars, marksd changes  occur in hinge- 
..r?.or~ent coe f f i c i en t   a s soc i s t ed  ?vi th r a a r r a r s  movement of 
shock. A p o e s i b t l i t g   e x l s t s  o f  f lex iSi l i tg - induced  ailepon 
srstsh (r9ference IrJ) s s  a r e s u l t  of  the   pos i t lve   a la?es  
of d:3, /C3F% (Dvsrbslmce c o c i i t t i o n s )  no ted   i n   t he  data 
F o r  some o f  th9 t e e t  qoce3’Ltions. Fl5xfbility-inducsd 
s l l e r o n  snatch vi11 occur i f ’  the change i n  &er,dynaxLc 
hinge rr.omsnt Der degree change of aileron def l ec t ion  
dEJd6, exceeds  the  s t i f fness  o f  t h e  cont ro l  systeT. 
expressed in temx of r e s f s t ing  hirge mcrllent developed 
yer  d.eeree twist of a i le ron .  Th3 rr-axinm value of  
dChsh.Xa r e su l t&  a t  a Mack nmmber o f  0.883 and an 
rri@le cf att8.ck o f  2’ arid &Tcmni;ed t o  0.921. ( S e e  
fig. 331s j .  1 2  ordsr t o  aT:oi5 elastic Instability, the 
a i l s ~ o n - c o a t r o l  stiffness dAen exprpssed in this sama 
f c m  iixst excesd t h e  v&lue of 3.021. 

-e, 

same general ly  large var ia t ions   p rev ious ly  noted a t  speeds 
exc.eeding a kach cuqber q f  C.<50 ( f i g .  3 6 ) .  Inclslded i n  
f igure 36 are  two-dfnensional d a t a  f rom rGerence 6 Tor 
th3 s m e  a i r f o l l  ses t ‘or ,  and a i le ron   !eea led  gap} a t  8 
Xach Embar of 0-17 s ~ d  d-th a Ye3nolCs n-mber of  9,OOD,QOO. 
E-lso ir,cluC!ed are datt: from unyublished t e s t s  o f  a &-fnch- 
chord F J S A  t 6 , l - l l . 5  a i r f o i l  seotlon with a 0.20-cl.lord 
? l a i n  aileron fQ.C32-skord g s p ) .  ’ke genera l  g f fec ts  of 
comgresslbi l i ty  on the Izdnge-ToYext ? a r m e t e r s  for the 
YACA 66,1-115 s i r f o i l  I n  t~?~o-5fmensional  f l o w  are sho-m 
t o  be very simihr  t o  t.%a r e s u l t s  obte.i.r;ed i n  three- 
f!imsnsional flow xitki the  aenq of the presen t   t e s t s .  
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?To t e s t s  ware nade t o  determice  the  effect  on the  
aeror i -ynmic  charscterfs t ics  of  fixing t r a n s i t i o n  or: t he  
aLrf3il. IinDublished d.ats obtained In the Lang15p 3 - f C ) G t  
hlph-sned tunnPl on e. three-dimsnsiwal  m C e l  o f  a 
horizqntsl tail o f  IQvr-drag sect?on and havLng roughness 
st 0.10 choxC on both surf ces hoKed t t - a t  f f r l n g  t r acn i -  
t!.on wgde the  p a r m e t e r  (Sdd3 rnore negative,  the 

6 
?z.Ya7le t e r  (dC,/d6) less Regskive, and. 1533ened t n e  

* a  
~ e v e r - t t g  of: the c o m $ ? r e F s i b i l i t g  effects on b o t h  these 
*~ara;neters.  L i f t s  ware rsduced but the  general   effel?, ts  
of  a m y r e s s f b i l i t y  on  l i f t  were the   sme .  

The data 3n the   resu l ta r , t  :?rsss*ne coefi 'i .2ient AP 
zcross the a!.leron ses.1 (f?.r, 37) are xsefll l  f o r  de te r -  
vining the  &Fount of' bl;lanse of i n t e r n s l l g  balsnced 
F.i leron sys tezs .  Tne curve o f  bP a;,:,ainst aileron 
d e f l e c t t o n  i s  seen t c  Le nQ,proxf.;;rately linear f o r  pcrsltive 
u i l e x o n  def lect ions  but  the slone of tke  zurve  decreases 
i'cr r3egative deflections. A t  s u p e r c r i t l c a l  szeeds,  
,?:na.lI.er sea l -pressure   coef f ic ien ts  T O ~ J M  be expected at. 
ne+t!.ve de i . l sc t ions  8 s  8 r e s u l t  o f  the   general   inef-  
fect ivenqss  o f  the a r l e rons   a t   t hese   de f l ec t ions .  A t  
ou 'bsKtica1 sTeeds, however, these d a t a  a re  i n  variance 
~ E t h  the low-speed ( N  = 0.17) two-dlzensionel  data crf 
r*eference b ar,d with the  datk frort: unpublished low-snead 
tV= 0.21) t e s t s  Tade ir? the  Langley s t a b i l i t y  t7mnel of  
a three-dlrnenstonal model o f  a horizclntal  t a i l ,  bo th  of  
vhich show a linear v a r i a t € o n  of r e su l t sn t   s ea l   y re s su re  
for b o t h  yos i t i ve  and m g a t i v e  aileron def l ec t lons .  
Tests o f  a gar t ly   sealed.  a l l e ron  (referer,ce 11) s h o ~  
t h a t  nc.gat!_ve a i l e ron   ee f l ec t ions   a r e  somewhat l e s s  
Pffsctiive I n  mor7ify:ng s ea l  D r O s s G m s  than   ?os i t ioe  
5e f l ec t ions  a t  Yach nmbers  f r o m  0.3 t o  9.7. 



. 

IYin3-Torsi ma l  Consid.eration 



' the f a c t o r  I/'&- up to the Mach number where the 
. breek in rate of change o f  pitching-moment coef f ic ien t  

with aileron def ' lect lon occurs but at Pach numbers beyond 
thi's break where, 'for exangle, wing reversal speeds are t o  
be detemtned, actual experimtintal data should be used. 

CONCLUSIONS , .  

Tests a t  hlgh speeds were made i n  the Langley 8=foot 
Inf.gh-si>eed tunnel of a wlng of high aspedt ratio:with 
s t r a ~ - g h t - s i d e d - ~ r o f i l e  0.20-chord plain. ailerons of 
3'7.5 percent wing semispan. For an a i rg l ane  w3th th$s 
par t iou la r  wing-aileron comblnatlon, the v!ind-tunnel 
data indicste t h e  followi,rlg condlusions. 

1. .The a i l e rons  aze sattsfactory for 3roduc i .q  
r o l l i n g  moment on an r,ir?laane daafgned t o  o g e r a t e  .s$ 
m a x i m u m  l e v e l - f l i g h t  K w h  numbers up to 9.853. In ,  dives 
at Thick the aim3.me would o p e r a t e  a t  higher Mach numbers 
the ailerons still ps-oduce some r o l l i n g  momer,t ,at .zero and 
positive l l f t s  up t o  t.he maximum test I 'hh number o f  0,925, 
although, at thase higher Mach numbers, the i r  e f fac t lveness  
is dscrea.sed. 

2. Eo serious compress ib i l i t y  effects- are indicsted 
m the aileron hinge-mcment oharscterlstics f o r  level-flight 
Mach numbers uy t o  0,830. A t  h2gher Xach numbers 
(a:?prpx. 0.880) .couparable t o  .i;hose obttiined in dives,  
fLexfbi l i ty- induced a i l e ron  .snatch i s  Possible  f o r  sn air- 
Fi.srne hcving an a i l e ron  contPol  system of icadequate 
s t i f fness .  , .  

. .  . .  

Langley ib7emoFtai keronaut tca l  L a b o r a t o r S  
go t fon t i l  .Aav;lsory Committee f o r  Aeronaut2c.s - 

, Lsng lgg  F i e l d ,  Va., . .  
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( a )  F r o n t  v i e w .  

F i g u r e .  1.- Wing o f  h i g h  aspect  r a t i o   m o u n t e d  on v e r t i c a l  
s u p p o r t  plate i n  L a n g l e y  8-foot h i g h - s p e e d  t u n n e l .  
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F i g u r e  1.- Concluded. 
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FIGURE 2.-WING DIMENSIONS. - 
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FIGURE 4.- SPAN LOCATIONS OF PRESSURE ORIFICES. 
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NACA RM No. L6H28d Fig. 36 
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